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Constraints on superstrings, inflation, and 
extra dimensions from the CMB and big 
bang nucleosynthesis  
Deviations from QCD,  
…in 
2 
Big Bang Nucleosynthesis and 
the Cosmic Quarks-Hadron Phase 
Transiton 
Hadron 
Phase 
p,n,π, .. 
Quark-Gluon Plasma This could lead to 
inhomogeneities 
during BBN  
3 
4 
There is no evidence of the cosmic QCD 
transition in BBN 
Lara, Kajino, Mathews, PRD (2006) 
5 
Time Varying 
electromagnetism? 
α=e2/(2εohc) 
Webb et al, 1999,2011  
Murphy et al. 2001, 2003 
Kenekar et al. (2010) 
Ewan et al. 2012  
King et al. 2012 
(Δα/α) = (−3.1 ± 1.2) ×10
−6
 
Another 
Deviation: 
The Caipirinha Paper 
6 
PRL, 92, 041102 (2004)  
7 
Is there other evidence deviation 
of fundamental constants change 
with time? 
Higgs <v> 
Changes in αs <v> affect mq and ΛQCD  
Limits to time 
varying quark masses 
 
• BBN=> quark masses were 
heavier in the early 
universe? 
• δmq/mq = 0.016 ± 0.005? 
8 
Berengut et al, PLB, 683, 114 
(2010) 
 
M-K. Cheoun, T. Kajino, M. Kusakabe, G. 
J.M., PRD, 84, 043001 (2011). 
Effects of varying quark mass on 
Nuclear Physics/BBN 
9 
⇒Changes in hadron masses 
⇒ Changes pion exchange potentials 
⇒Changes many-body Hamiltonian 
⇒Changes Binding Energies/Q-values 
⇒Changes in Reaction Rates 
10 
• Analysis: 
• Cheoun, Kajino 
Kusakabe, G JM, PRD, 
84, 043001 (2011). 
 
• -0.005 < δmq/mq 
<0.007 
 
 
 
Consistent with no 
variation 
Is there a deviation in BBN due to the existence 
of extra dimensions in BBN? 
11 
Randall & Sundrum (1999) 
Dark Radiation 
12 
Standard BBN 
WMAP 
Dark Radiation decreases 
4
He  
Is constrained to be positive 
by High Yp 
K. Ichiki, M. Yahiro, T. Kajino, M. Orito, G. J. 
Mathews PRD 66, 043521 (2002) 
13 
BBN and CMB Constraints on Dark Radiation in 
Brane-World Cosmology 
Sasankan, Gangopadhyay, GJM, Kusakabe,  
PRD, 95, 083516 (2017)  
14 
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Is there another deviation giving insight into the existence 
of higher dimensions? 
Modified Slow Roll Parameters 
16 
Brane-world inflation alters fit to the CMB 
17 
Is there evidence of deviation in 
the Planck Power Spectrum? 
 
18 
19 
WMAP 9yr 
Some possible explanations for 
dips at l =10-30 
20 
• Cosmic Variance: Planck XX arXiv:1502.02114 
• Modified inflation effective potential 
– Harza, et al. arXiv:1405.2012,  
– Kitazawa and Sagnotti 1411.6396v2,  
– Yang and Ma arXiv:1501.00282  
• Planck-mass particles coupled to inflation 
– GJM, Gangopadhya, Ichiki, Kajino arXiv: 1504.06913 
• …. 
• …. 
Inflation occurs in a bath of string 
excitations 
21 
• Coupling such Trans-Planckian particles 
with the inflaton field is both natural and 
required to reheat the Universe 
 
• T = 0 =>  T ~ 1019 GeV 
 
How does this work? 
 
22 
Fermions will be resonantly generated at 
some time t* when the effective mass 
vanishes at φ* 
23 Slow-roll 
24 Causes Dip 
Quantum fluctuations at  horizon crossing 
25 
 l = 20  
 l  = 2 
1/k 
Suppose this excitation is a 
Superstring: How could you know? 
• There should be similar resonant couplings 
corresponding to different numbers of 
oscillations on the string. 
 
• Could this be the l =2 suppression? 
 
 
26 PRD, Submitted (2017 arXiv:1701.00577 )  
A simple example:  
Fermionic Open Strings 
27 
28 
TT EE 
Amplitude, A, relates to the inflaton 
coupling λ and number N of 
degenerate Fermions 
 
k∗ relates to the fermion mass m for a 
given inflation model: 
 
=> 
Can fix the number of 
oscillations on the string 
 =>      n = 42, next resonance is at l* =60 
Physical properties of the 
Superstring 
32 
33 
Conclusions 
• Happy Birthday Keith 
• Press On 
